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CHARGES IN TAIWANS AGRICULTURE SINCE
1945

The development of Taiwan’s agriculture
over the last fifty years can be divided into three
stages.  From 1945, following the Japanese occupa-
tion, to 1952 was the first stage.  The government
executed policies such as land reform, construction
of irrigation systems, distribution of chemical fertil-
izers, release of high-yielding varieties and extension
of new agricultural technology.  Agricultural pro-
duction increased rapidly and was restored to prewar
levels.  The aim of these programs in the first stage
was to grow enough staple foods to meet domestic
needs.  The second stage was from 1952 to 1968,
with four-year economic construction plans.  Agri-
cultural production was accompanied by industrial
and general economic development.  The govern-
ment launched programs emphasizing multiple crop-
ping, intensive use of fertilizer, and crop protection.
The aim during this second stage was to produce
high yields of better quality products such as rice,
sugar and bananas for export, in order to earn foreign
exchange for national industrialization.  From 1968
up until the present might be called the third stage,
during which there was a more gradual development
of industry and international trade.  Farmers’ in-
comes have been low compared to those in other

sectors, and agricultural productivity has been de-
clining.  The government has launched several po-
lices, such as “Accelerated rural construction”, “In-
creased farm incomes” “Improvement of agricul-
tural infrastructure to maintain farmers’ incomes”,
etc..  The aim of these programs has been to sustain
agricultural development.

Taiwan’s agriculture has done a tremen-
dous job of producing enough food for the people,
and of earning money to fund the development of
industry.  As in other industrialized countries, farm-
ers in Taiwan rely more on chemical fertilizers and
pesticides than on traditional renewable resources
drawn from the farm itself.  The cultivation methods
typical of modern agriculture in Taiwan have aroused
public concern over environmental problems such as
the contamination of water with agricultural chemi-
cals, pesticide residues in food, growing resistance
to pesticides among insects and pests, loss of natural
soil productivity and aggravated salinity.

In recent years, “sustainable agriculture”
has become a topic which has received great atten-
tion from environmentalists, agricul-turalists, and
consumers.  Sustainable agri-culture has been given
a number of different definitions, but the term implies
three basic values: sustainable agriculture is ecologi-
cally sound, economically viable, and socially just
and humane.  In term of agricultural technology, the
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ABSTRACT

Under Taiwan’s subtropical conditions and intensive cropping systems, soils suffer from a
low pH, and a low organic matter and nutrient content.  Chemical fertilizers are used to
increase crop production, and good yields have been obtained in past years.  However, other
soil properties such as low pH, low organic matter content and poor drainage are not being
treated by farmers, and are becoming an obstacle to soil productivity.  Soil management
strategies such as liming, fertilizer recommendations based on soil testing and plant analysis,
crop rotation, breaking the hard-pan, and the application of organic materials and biofertilizer
are being adopted for sustainable agricultural production in Taiwan.
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used for rice production.  With the adoption of the
rice diversification program, the fertilizer used for
rice declined to less than 40% of the total, and the
fertilizer used for upland crops rose to almost 60%
of the total.

At present, farming in Taiwan uses high
inputs of fertilizers and pesticides, and is highly
mechanized.  This high level of inputs is mainly
derived from non-renewable petrochemical energy.
At the same time, its effect on soil productivity is a
subject of great concern.

FERTILITY STATUS OF TAIWAN'S SOILS

Soil fertility status is defined as the ability of
a soil to supply elements essential for plant growth
without a toxic concentration of any element.  Soil
pH, organic matter content, texture, and the nutrient
content of the soil are important parameters related
to soil fertility.

As in all tropical and subtropical countries
with year-round warm temperatures and high annual
rainfall, the soils of Taiwan are constantly subject to
rapid chemical decomposition and leaching.  The
depletion of soil fertility on much of Taiwan’s culti-

major components of sustainable agriculture are
cultural practices and plant breeding, soil and water
management, non-chemical pest and weed control,
integrated plant-animal production, and nutrient re-
cycling.

Soil is the fundamental natural resource of
agricultural production.  Good soil management is
the basis for sustainable food production.

Changes in Soil Management

At the end of World War II, farmers in
Taiwan were making little use of chemical fertilizers.
The total consumption of chemical fertilizer in Tai-
wan in 1945 was only 5,789 mt, so farming had to
depend mainly on natural fertility and organic ma-
nure.  Currently, Taiwan’s farmers use approxi-
mately 1,400 thousand mt of chemical fertilizer
(equivalent to 400 thousand mt of nutrients (Table 1)
with percentage rates of N-P2O5-K2O at 60%, 15%,
and 25%, respectively).  The average fertilizer appli-
cation rate is 500 kg/ha, (in nutrients), one of the
highest rates in the world (Table 2).  Before 1970,
almost 80% of the total fertilizer distributed was

Table 2. Fertilizer consumption per hectare in TaiwanUnit: kg/ha

Table 1. Fertilizer consumption in Taiwan Unit: mt

Source: Council of Agriculture, Taiwan ROC

Source: Council of Agriculture, Taiwan ROC
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vated land is aggravated by the highly intensive land
use, whereby two to three crops or more are grown
and harvested each year.

The distribution of soil organic matter in
Taiwan in different classes is summarized below (Lin
1967).   These classes are based on an analysis of
78,000 soil samples, each sample representing 10 ha
of cultivated land.

Organic matter (%) % distribution

0-1 (very low) 14
1-2 (low) 51
2-3 (medium) 27
More than 3 (high) 8

As shown above, 65% of Taiwan soils
contain less than 2% organic matter.  Since soil
organic matter is closely related to the supply of
available soil nitrogen, most soils in Taiwan are
deficient in nitrogen.

The percentage distribution of acid and
alkaline soils in of Taiwan is given below:

Soil pH % distribution

Below 5.5 (strongly acidic) 33
5.6-6.5 (moderately acidic) 25
6.6-7.3 (neutral) 16
7.4-8.0 (slightly alkaline) 22
More than 8.0 (alkaline) 5

The data show that strongly acidic soils
cover one-third of the cultivated land area of Tai-
wan.  Application of lime to correct these acidic soils
is important.

The"soil phosphorus status of Taiwan's soils
(according to their contents of available phosphorus
(Bray’s P1)) is given below:

Available P ppm % distribution

0-4 (very low) 7
5-10 (low 30
11-20 (medium) 32
More than 20 (high) 31

This shows that 79% of Taiwan's soils have
an available phosphorus content (Bray’s P1) of less
than 20 ppm.

As for the potassium status, the distribution
of Taiwan’s soils according to their content of avail-
able K (Mehlich's method) is given below:

Available K ppm % distribution

0-15 (very low) 4
16-35 (low) 37
36-80 (medium) 43
More than 80 (high) 16

This indicates that 84% of Taiwan soils
contain less than 80 ppm available K.

Obviously, natural soil fertility is low in
Taiwan.  There is an urgent need to correct poor soil
properties so as to sustain agricultural production.

SOIL MANAGEMENT PROBLEMS

Soil Nutrient Balance

In a natural ecosystem, the 16 elements
essential for plant growth are kept in balance.  The
amounts required by the plants are matched by those
supplied naturally by the soil.  The purpose of
fertilization is to remedy a deficit of soil nutrients.
Under Taiwan’s intensive cropping systems, farmers
apply a large amount of chemical fertilizer.  Nitro-
gen, potassium and phosphorus fertilizers are the
most common (Table 3).  However, farmers in
Taiwan tend to apply more N, P and K, especially N,
than is required by the crop.  An excessive amount of
fertilizer is often found in the soil.  Thus, agricultural
practices have changed the soil nutrient balance.

Other Aspects of Soil Fertility

As well as soil nutrients, other factors such
as soil reaction (pH), aeration, structure, depth and
drainage affect soil productivity.  With Taiwan’s
year-round warm temperatures and high precipita-
tion, most soils (apart from some alluvial soils) are
acidic to strongly acidic.  Of the strongly acidic soils,
there are about 280 thousand ha of farmland with a
soil pH below 5.5.  The western coastal area has a
salinity problem.  Precipitation is uneven, and there
is a high evaporation rate throughout the year. Over-
pumping of groundwater has caused sea water to
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seep into inland soils. During the summer season,
typhoons drive sea water inland to flood the coastal
plains.  This has created a total of about 20 thousand
ha of saline and alkaline soils.

Protected cultivation has become popular
in recent years.  So far, there are about 500 ha where
vegetables are grown in greenhouses, shadehouses
and other types of structure.  In protected cultiva-
tion, rain does not reach the soil, so there is no
natural leaching.  Farmers nearly always apply an
excessive amount of fertilizer.  A large amount of
soluble salts accumulates as a residue, and a man-
made saline soil is formed.

Before 1972, Taiwan’s agricultural poli-
cies emphasized rice production.  Preparation of
saturated soils destroyed the soil structure.  Fine clay
particles migrated down and accumulated at the
bottom of the plow layer.  At the same time, draft
animals and farm machinery were compacting the
soil during these farm operations.  After some period
of time, a hardpan formed in paddy soils at a depth of
20 to 40 cm (Table 4).  This hardpan acts as a barrier
to drainage, and restricts the root penetration of
upland crops.

Soil reaction, salinity, structure and hard-
pans are the main soil problems in current agricul-
tural production.

Methods of Fertilizer Application

Fertilizers are required to supply the needs
for plant growth and absorption.  The rate, timing
and placement of fertilizer applications determines
their effectiveness.  Basal or top-dressing, broad-
casting and strip or spot application, are widely used
as a means of supplying needed nutrients.  Since
farms in Taiwan are too small for conventional farm
machinery, most fertilizer operations are carried out
manually.  In recent years, the development of indus-
try and trade has attracted rural workers to the cities.
Wages have increased rapidly, and have become the
main cost in agricultural production (Table 5).  In
contrast, the fertilizer supply and prices are con-
trolled by the government, and are very stable.  The
cost of fertilizer in agriculture production is low
compared to the cost of labor.  In order to reduce
production costs, farmers do not follow recom-
mended methods of applying fertilizer.

Since most fertilizers are applied to the soil
surface, there is loss of nutrients by evaporation and
run-off, while contaminated groundwater has be-
come a major concern.

Table 3. Fertilizer use by farmers' and recommended rates for main crops in Taiwan

Source: Taiwan Agriculture Yearbook, 1980
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SOIL MANAGEMENT FOR SUSTAINABLE
AGRICULTURE

Soil quality includes such factors as organic
matter content, the biotic activity of the soil fauna,
soil structure and water infiltrability, porosity and
pore-size distribution, cation-exchange capacity, pH,
concentration of toxic elements, the presence of any
nutrient imbalance, etc.  Improving soil quality for
better plant growth has long been a primary objective
of soil science.  However, many problems of soil
quality remain in Taiwan.  A loss of soil quality can
result from poor management of soil resources, in
the absence of information on how to manage them
properly.  Proper soil management strategies are
necessary if agricultural production is to become
sustainable.

Reclamation of Acid Soils

Soils are acid either because their parent
materials were acid and low in basic cations (Ca, Mg,
K, and Na), or because these elements have been
removed from the profile by leaching or by the
repeated harvesting of crops (Kamprath and Foy
1972).  Soil acidification is intensified by the use of
acid-forming nitrogenous fertilizers (Pierre et al.
1972), and by acid deposition from polluted air
(Ulrich et al. 1980).  Growth-limiting factors that
have been associated with an acid soil infertility
complex include toxicities of A13+, Mn2+, and
other metal ions, low pH (H toxicity), and deficiency
or unavailability of certain essential elements, par-
ticularly Ca, Mg, P and Mo (Jackson 1967; Kamprath
and Foy 1972).

The 280 thousand ha of arable land in
Taiwan with a soil pH of less than 5.5 are generally
low in available silica.  Application of siliceous
material should therefore constitute an integral part
of soil fertility management for rice, which requires
silica for normal growth.  The critical concentration
of available SiO2 in soil, (extracted by 1N NaOAc at
a pH of 4.0) is about 40 ppm for rice.  About 60% of
the soils which have a pH below 5.8 have a silica
content of less than 40 ppm.

Once the silica content falls below this
level, rice will generally respond to an application of
siliceous slag.  The application of 2.5 mt of a material
containing 22% 1/2 N-HC1 soluble SiO2, gives a
yield increase of 5% or more (Wu and Lian 1965).

Liming to correct soil acidity is also very
important.  However, several field experiments con-
ducted in recent years on latosolic paddies and
sandstone/shale alluvial soils in northern Taiwan
have shown little or no effect from liming (Chen
1971, Chiu and Peng 1971).  Dryland crops such as
soybean and peanut tend to show a relatively marked
response to lime (Su 1972).  The application of 2-4
mt lime/ha can give a yield increase of 7-107%.  A
reclamation program for acidic soils has been estab-
lished, to encourage farmers to apply liming materi-
als to strongly acidic farmland.  Under this program,
applications of 2-3 mt/ha of siliceous slag or slaked
lime are recommended.  The final retail price when
farmers purchase siliceous slag is NT$1.8 per kg,
50% of which is subsidized by the government while
the farmer pays the rest.  So far, the program covers
14,000 ha of acidic arable land which is now in the
process of reclamation.

Table 4. Bulk density (g/cc) and presence of plow pan in four soil series

Source: Chen 1988
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Table 5. Cost analysis of rice production

Use of Organic Matter

Organic matter used for agriculture in Tai-
wan can be classified into the following categories:
crop residues, green manure, compost, animal wastes,
municipal refuse, oil cake, and residues from food
processing (Hsieh and Hsieh 1989).  Of these, crop
residues and animal wastes are the major sources.  In
traditional farming, most animal wastes were re-
turned to cropland.  One cow produces about 30 kg
of wastes every day, while pigs and poultry produce
6 kg and 0.15 kg, respectively.

The total annual production of animal wastes
in Taiwan is estimated to be 22.21 million mt (Table
6).  This is enough to cover the whole area of
agricultural land at a rate of 25 mt/ha, and could
substitute for 61% of the nitrogen applied in the form
of chemical fertilizer in 1992, as well as 173% of the
phosphorus and 89% of the potassium.

If we assume that the maximum rate at which
animal wastes should be applied is 50 mt/ha, the total
amount produced in Taiwan would suffice for 444
thousand ha.  However, most livestock wastes are
not used for agriculture, but are discharged into
streams, to become a pollutant of Taiwan’s water-
ways.

At the same time, as previously stated,
organic matter decomposes rapidly under warm cli-
matic conditions and most soils in Taiwan have a low
organic matter content of less than 2%.  There is an
urgent need to recycle organic matter efficiently,
increasing or at least maintaining the soil organic
matter content, and substituting organic for chemi-
cal fertilizer, in order to prevent water pollution and
improve soil fertility.

Nutrient Management

Testing of both soil and plants can be
used to evaluate the status of soil fertility and plant
nutrition.  Two primary purposes of the tests are to
make fertilizer recommendations, and to measure
the effectiveness of fertilizer practices.

Recommended rates of P and K based on
soil tests have been studied by many workers (Wang
1966, Sheng et al. 1964, Juang and Fang 1966).  The
results of studies on the correlation between re-
sponse of various crops to applied P and K fertilizer
and the available P and K content of the soil have
been summarized by Su (1972) (see Table 7).

Recommended rates of fertilizer for fruit
trees, particularly citrus, based on plant leaf analysis,
have also been intensively studied in recent years
(Chang et al. 1992).  The optimal ranges of nutrient
concentrations in the leaves of fruit trees are listed in
Table 9.

Around 5000 soil and 1500 plant samples
were taken and analyzed by the Taiwan Agricultural
Research Institute and six District Agricultural Im-
provement Stations.  Reports of the analysis and
fertilization recommendations were sent directly to
the grower.  The overuse of fertilizers and a conse-
quent nutrient imbalance are often found in fields
with crops of high economic value such as fruit and
tea.  A program called “Application of soil and plant
diagnoses for orchards and tea plantations” has been
carried out since 1987.  The fruit trees include grape,
citrus, wax-apple, pear, peach, carambola and lo-
quat.  Five hundred orchards and tea plantations
from major growing areas have been selected as
demonstration areas.

Source: Taiwan Provincial Food Bureau
Notes: (1) Mean of 1st and 2nd crops.

(2) Fertilizer includes chemical and organic fertilizer.
(3) Labor includes human, animal and machinery power
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Crop Rotation

Systems of crop rotation offer many advan-
tages in terms of improved soil properties and the
control of weeds, erosion and various pest species.
Crop rotation has long been utilized very success-
fully in traditional agricultural production systems in
Taiwan.  However, crop rotation was not empha-
sized in modern rice production until 1975, when the
importance of rice production began to decline.
Farmers following the most popular cropping pat-
tern of that time, two crops of rice and one dryland
crop, were advised to convert to one crop of rice and
two dryland crops, or dryland crops alone (including
a fallow period).

In order to determine soil fertility status
under various crop rotation systems, long-term field
experiments have been carried out in various parts of
Taiwan.  The results indicate that the rotation of one
crop of rice with upland crops (corn or soybean) was
better than three upland crops for maintaining soil
pH and organic matter content (Hsieh 1992) (Table
10).  Including legumes such as soybean or sesbania
in the rotation sequence contributes nitrogen to the
succeeding crop (Tsai et al. 1989).  The proper
utilization of legumes as green manure helps im-
prove soil fertility for better crop production.  Sug-
gested rotation sequences for maintaining soil pro-
ductivity are: wet followed by dry cultivation; le-
gumes and non-legumes; deep- and shallow-rooted
crops; and crops with a high nutrient demand fol-
lowed by crops with a lower one.

Table 6. Annual production of animal wastes in Taiwan, 1989

Tillage

The purpose of tillage is to improve soil
physical properties for root growth, and to remove
the weeds which are competing with the crop for
water, space and nutrients.  Conservation tillage is a
form of low-input agriculture, in that it requires a
lower input of energy and labor, and minimizes
disturbance to the soil (Allmaras et al. 1991).  How-
ever, whether reduced tillage gives good results
partly depends on the soil type.  It is not suited to
soils with a plow pan, or the compacted subsoil
caused by repeated plowing and puddling of paddy
fields.  A hard plow pan with a bulk density of as
much as 1.59 - 1.9 g/cc is considered a limiting
barrier to root penetration and drainage (Chen 1988).

The reclamation of soils with an impervious
hard pan below the plow layer has been studied (Lian
1988, Chen 1987).  A hard pan, poor drainage and
low phosphate availability are the most serious lim-
iting factors that constrain the development of the
rooting system of upland crops grown in paddy
fields, and subsequently reduce the yield.  Deep
ploughing along the plant row, leaving the subsoil
intact between the rows, with deep banding of fertil-
izer, was conducted by a mechanized planter-fertil-
izer applicator with attached subsoilers.  At the same
time, two-thirds of the basal fertilizer was applied in
a band at a depth of about 25 cm, and the remaining
one-third 5 cm from the seed row.  A yield increase
of 11-25% was obtained while using 20% less ni-
trogenous fertilizer (Table 11) (Lian 1988).

About one half of the effect can be attrib-
uted to that of the deep ploughing, which was more
effective at a depth of 25 cm than at only 12.5 cm
(Table 12).
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Table 7. Recommended rates of phosphatic fertilizer for various levels of soil available
phosphorus

Table 8. Recommended rates of potash fertilizer for various levels of soil available
potassium

Source: Su 1972

Source: Su 1972
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Table 9. Critical concentration of nutrient elements in the leaves of fruit trees

Table 10. Changes in soil pH and organic matter content under various cropping
patterns in Taiwan

Source: Hsieh et al. 1992

Table 11. Effect of in­row deep ploughing with deep banding of fertilizer on corn yield
with tillage and no­tillage

Source: Lian 1988



10

Table 13. Effect of inoculations of VA mycorrhiza (VAM), rhizobia (R), and P­
solubilizing bacteria (PSB) together with applications of superphosphate (SP) and
rock phosphate (RP) on peanuts

Table 12. Effects of different depths of in­row subsoiling with deep banding of
fertilizers on the yield and yield components of corn under tillage and no­tillage

Source: Lian 1988

Source: Young 1990
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Table 14. Effects of rhizobia inoculation on vegetable soybean

Source: Kaohsiung DAIS 1988

Biofertilizer

Soil microorganisms play an important role
in the nutrient cycle of the soil.  In order to reduce the
applications of nitrogen fertilizers and the pollution
problems they cause, research into the use of
biofertilizers has been carried out in recent years.
Rhizobia, VA mycorrhiza and P-solubilizing micro-
organisms have been isolated and studied.  The
results showed that biofertilizers increased the growth
and yield of soybean, peanut and leucaena in pot and
field tests (Table 13) (Young 1990).  At the same
time, we also found that the use of VA mycorrhiza
increased the yield and quality of muskmelon (Cheng
1985).  In order to encourage farmers to use
biofertilizers, an extension program has been estab-
lished.  Inoculates of rhizobia and mycorrhiza are
produced by universities and government institutes,
and distributed to soybean and muskmelon growers.
So far, around 3000 ha of vegetable soybeans and
500 ha of muskmelons are inoculated with
biofertilizers each year.  In one part of Taiwan where
vegetable soybean growers have been applying ni-
trogen fertilizer at rates as high as 174 kg N/ha, the
inoculated fields needed only 20 kg N/ha (Table 14).

CONCLUSION

By the use of large amounts of
chemicals and high-yielding varieties, successful
agricultural production has been achieved in Taiwan
over the past four decades.  However, continuous
applications of chemical fertilizer without due re-
gard for the soil and crop conditions have resulted in
nutrient imbalances, poor quality produce, and envi-
ronmental pollution.  Under the threat of depleted

resources of nonrenewable energy, soil management
will play an important role in sustainable food pro-
duction.

Through the use of soil testing and plant
analysis, a sophisticated fertilization and nutrient
management program can be achieved to solve these
problems and maintain fertilizer effectiveness.  More
studies on fertilizer use for crops are needed in the
future.

Most soils in Taiwan are acidic.  It is
necessary to correct their acidity, and supply Ca or
Mg to the soil annually or on alternate years.

In order to reduce rice production, conver-
sion of paddy fields to other crops is currently an
important agricultural policy.  The existence of a
plow pan in the soil is a constraint to upland crop
production.  Partial breaking of the plow pan and
deep banding of fertilizer increase crop yields signifi-
cantly.  However, rice production is still needed to
maintain soil fertility.  A rotation system which
includes rice and legume is needed, and must be
carefully and systematically tested on a range of
sites.

A large amount of organic wastes from
livestock farms is not being used on agricultural land.
This is a kind of energy loss, as well as a source of
environmental pollution.  Stricter regulations are
needed to prohibit the discharge of livestock manure
and encourage its use.

Since the use of biofertilizers reduces the
need for chemical fertilizer applications to soybean
and muskmelon, more studies of other crops are
needed in the future.
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DISCUSSION

Dr. Hong referred to the point made in Dr. Huang’s paper that the available phosphorus content in
Taiwan’s soils is rather low.  However, a large amount of phosphate fertilizer is applied each year (about 83
kg/ha in 1992).  If more phosphorus is applied than is required by the plant, it tends to accumulate in the soil.
Dr. Hong asked if there was any indication that this had been happening in Taiwan over the past ten years.  Dr.
Huang replied that there are some signs of this, but that phosphate availability is still low.  He explained that
under conditions of low pH and poor soil properties, when a paddy field is converted to upland crops there is
a change from ferrous phosphate to ferric phosphate.  Ferric phosphate is less effective as a plant nutrient source
than the ferrous form, and Dr. Huang felt that the level of available phosphorus in Taiwan’s soils is still too low.

Wu, (eds.), Kaohsiung District Agricultural
Improvement Station, p. 217-225.


